Relationships between cellular condensation, preosteoblast formation and epithelial-mesenchymal interactions in initiation of osteogenesis.
Initiation of osteogenesis or bone formation is dependent on cell and tissue interactions. We investigated the events between 4 and 7 days of incubation that translate epithelial-mesenchymal signalling into overt differentiation of osteoblasts and deposition of bone in the mandibles of chick embryos. Condensation of mandibular mesenchyme (the membranous skeleton), visualized with PNA-lectin, occurred at H.H. mid-26 (5.75 days), lasted 12 h and preceded osteoblast differentiation by 1.5 days. As determined from 3D-reconstruction all mandibular membrane bones arose from a single condensation closely associated with the stomodeal epithelium. The finding that the osteogenic condensation in the mandibular arch is a major branch of a common condensation that provides osteogenic mesenchyme to both maxillary and mandibular arches establishes a closer link between mechanisms controlling development of the skeleton in these two arches than previously suspected. Preosteoblasts (alkaline phosphatase-positive cells) form in the mandible at H.H. early 25, which is before condensation but after the epithelial-mesenchymal interaction upon which preosteoblast formation and condensation depend--neither form in isolated mesenchyme, whereas both form after recombination of mesenchyme and epithelium. Tenascin was present in the mandibular epithelium only at H.H. stage 19 but not in the mesenchyme at any age. Therefore, the epithelial-mesenchymal interaction controls initiation of osteogenesis at the preosteoblast stage. Preosteoblasts then condense, transform into osteoblasts and deposit bone matrix. Differentiation of preosteoblasts precedes condensation which amplifies their number. This is in contrast with chondrogenesis where condensation triggers prechondroblast differentiation.